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57 ABSTRACT

A detection apparatus for detecting a defect in an array of a
liquid crystal display, comprises a main chamber, a stage, a
detection device and a main heater. The stage is disposed in
the main chamber, and the array is placed on stage. The
detection device is disposed in the main chamber and detects
an electrical characteristic of the array. The main heater heats
the array to a first temperature to reveal the defect of the array.

22 Claims, 6 Drawing Sheets
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FIG. 1 (RELATED ART)
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METHOD OF DETECTING ARRAY OF
LIQUID CRYSTAL DISPLAY AND
APPARATUS THEREOF

BACKGROUND

The invention relates to a detecting method, and more
particularly to a method of detecting an array of a liquid
crystal display.

Conventionally, a defect in an array of a liquid crystal
display (for example, a thin film transistor liquid crystal dis-
play, TFT LCD) is detected by contact detection (for
example, probe detection) or non-contact detection (for
example, electron beam or optical detection). FIG. 1 shows a
pixel P1 of an array of a TFT LCD detected by an electron
beam, wherein pixel P1 comprises a transparent electrode D1,
a thin film transistor T1 and a capacitance C1. In electron
beam detection, a voltage is applied to transparent electrode
D1, and an electron source 11 emits an electron beam toward
transparent electrode D1. The electron beam is generated by
transparent electrode D1 and produces secondary electrons.
Secondary electrons are received by a sensor 12. An array
defect (for example, a data line break or a short between a
transparent electrode and a data line) increases positive or
negative electric charges on transparent electrode D1, and
changes a quantity of secondary electrons received by sensor
12 (due to repulsion between same charges and attraction
between different charges). Thus, array defects are detected
by examining the quantity of secondary electrons received by
sensor 12.

Conventional detection methods, however, cannot com-
pletely detect all defects of a thin film transistor, such as
high-temperature defects (defect revealed only at high tem-
perature, for example, “TFT weak™). The term “TFT weak” is
described here after. FIG. 2 shows performance curves of thin
film transistors. Dotted curve 20 is a performance curve of an
ideal thin film transistor. Under ideal circumstances, when a
current input is lower than a threshold voltage, current flux of
the thin film transistor is low, and a light path in a liquid
crystal layer (not shown) is closed. When current input is
higher than a threshold voltage, current flux of the thin film
transistor is increased, and light path in the liquid crystal layer
is open. Curve 21 is a performance curve of a normal thin film
transistor. Normal circumstances are similar to ideal circum-
stances, wherein the light path in the liquid crystal layer is
opened only when current input is higher than threshold volt-
age. Curve 22 is a performance curve of a weak thin film
transistor which leaks current when temperature thereof
increases, wherein current flux of the thin film transistor is too
high when current input is lower than threshold voltage. In
normal white mode, a weak TFT constantly opens light path,
and the liquid crystal display shows bright point(s) (bright
point defect) when displaying an all-black image. In normal
black mode, a weak TFT constantly closes the light path, and
liquid crystal display shows a dark point (black point defect)
when displaying an all-white image.

When a liquid crystal display operates, a backlight module
thereof heats the liquid crystal display array. Thus, if a high-
temperature defect exists in the TFT, bright point defects or
black point defects are revealed. Conventional array detection
is performed directly after an array process without being
exposed to heat. Thus, high-temperature defects cannot be
found by conventional detection. In practice, high-tempera-
ture defects are conventionally discovered after a cell process
and a backlight module packing process, and the cost of
reworking or nullifying defective liquid crystal displays is
quite high.
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2
SUMMARY

According to the present invention, a detection apparatus is
provided. The detection apparatus for detecting a defect of an
array in a liquid crystal display, comprises a main chamber, a
stage, a detection device and a main heater. The stage is
disposed in the main chamber, and the array is placed on the
stage. The detection device is disposed in the main chamber
and detects an electrical characteristic of the array. The main
heater heats the array to a first temperature to reveal the defect
in the array.

The apparatus of the invention locates the defect of the TFT
directly after an array process, especially defects highly
related to the high temperature. Therefore, the TFT with the
defects can be repaired before a cell process and a backlight
module packaging process. The cost for manufacturing a
panel is apparently reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the following detailed description and the accompany-
ing drawings, given by the way of illustration only and thus
not intended to limit the disclosure.

FIG. 1 shows a pixel of a TFT LCD detected by an electron
beam;

FIG. 2 shows performance curves of thin film transistors;

FIG. 3a shows a first embodiment of the invention;

FIG. 3b shows a first modified example of the first embodi-
ment of the invention;

FIG. 3¢ shows a second modified example of the first
embodiment of the invention;

FIG. 3d shows a third modified example of the first
embodiment of the invention;

FIG. 4a shows a second embodiment of the invention;

FIG. 4b shows a first modified example of the second
embodiment of the invention;

FIG. 4¢ shows a second modified example of the second
embodiment of the invention.

DETAILED DESCRIPTION

The apparatus of the invention heats an array in a liquid
crystal display when detection of the array reveals a defect,
especially a high-temperature defect. Additionally, the appa-
ratus of the invention detects elements electrically related to a
TFT of the array to detect defects in the TFT.

First Embodiment

FIG. 3a shows a detection apparatus 100 of a first embodi-
ment of the invention, which comprises a main chamber 40, a
detection device 10, a stage 30 and a heater (lamp 41). The
detection device 10 and the stage 30 are disposed in the main
chamber 40. The array 23 is placed on the stage 30. The
detection device 10 is an electron beam detection device,
which comprises an electron beam source 11 and a sensor 12.
The electron beam source 11 emits an electron beam toward
a transparent electrode (not shown) of the array 23. The
sensor 12 senses secondary electrons generated from the
array 23 to detect an electrical characteristic of the array 23.
Additionally, the main chamber 40 is a vacuum chamber for
electron beam detecting.

The defect detection method of the first embodiment is as
follows. First, the array 23 is disposed in the main chamber
40. Then, the lamp 41 heats the array 23 to a first temperature
by radiation. Finally, the detection device 10 detects the elec-
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trical characteristic of the array 23. The first temperature is
between 20 to 150° C., preferably 60° C.

The apparatus of the invention heats the array 23 to reveal
a defect of the array, especially a defect related to high tem-
perature (high-temperature defect), such as TFT weak. The
defect of TFT causes current leakage at a first temperature and
changes the electrical characteristic of the transparent elec-
trode. Therefore, by the method of the invention, the high-
temperature defect of the array is detected.

FIG. 35 shows a first modified example of the first embodi-
ment, wherein the lamp is replaced by heating coil 42. The
heating coils 42 are disposed on an outer surface of the main
chamber 40, and heat the array 23 by cold wall heating.

FIG. 3¢ shows a second modified example of the first
embodiment, wherein the lamp is replaced by heating coils
42. The heating coils 42 are disposed on an inner surface of
the main chamber 40, and heat the array 23 by hot wall
heating. The hot wall heating is an example of radiation
heating.

FIG. 3d shows a third modified example of the first
embodiment, wherein the lamp is replaced by heating coil 31.
Theheating coils 31 are imbedded in the stage 30, and heat the
stage 30 by conducting to heat the array 23.

The heating coils 31 in FIG. 3d are not limited to imbed-
ding in the stage 30. The heating coils 31 can also be disposed
on the stage 30 and heat the array by conduction. The heating
coils 31 can also be disposed near the array 23 and heat the
array by radiation.

Additionally, in the first embodiment, the heating device
can uniformly preheat the array 23 to a second temperature.
The second temperature is lower than the first temperature,
between 20 to 150° C., preferably 40° C. Preheating the array
23 prevents a glass substrate (not shown) of the array 23 from
cracking due to heat. The preheating is utilized in a non-
vacuum environment (in the main chamber 40); thus, the
array 23 is heated by radiation, conduction, or a combination
there of to increase heating speed. After preheating, a vacuum
environment is provided (still in the main chamber 40) and the
array 23 is heated to the first temperature by radiation.

After the defect detection, the array 23 is uniformly cooled
to the second temperature by controlling the heating device to
prevent the glass substrate of the array from cracking. After
the temperature of the array is reduced to the second tempera-
ture, the vacuum environment is broken, and the array 23 is
further cooled by convection or conduction for speeding cool-
ing process.

The apparatus of the invention detects the array by electron
beam in vacuum environment. However, other contact (for
example, probe detecting) or non-contact methods to detect
defects in the array can also be utilized. The defect detection
is not limited to use of a vacuum environment, and the heating
device can selectively utilize radiation, convection or conduc-
tion to heat the array according to different detection meth-
ods.

The liquid crystal display is an amorphous silicon TFT
LCD, apoly-silicon TFT LCD, an active-matrix organic elec-
troluminescent display or a active-matrix flat panel display.

Second Embodiment

FIG. 4a shows a second embodiment of the invention. The
second embodiment of the invention further comprises a sub-
chamber 50 to reduce thermal stress and speed up the heating
and cooling process. A heating device (lamp 41) in the main
chamber 40 is named “main heater”, and a heating device
(lamp 51) in the subchamber 50 is named “subheater” here
after to clarify the description. In the second embodiment, the
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main heater and the subheater are lamps. Any one of the
heating means in the first embodiment, however, can be uti-
lized. The subchamber 50 comprises the subheater 51 and a
stage 52 disposed therein. A channel 45 selectively connects
the subchamber 50 to the main chamber 40.

Before defect detection, the array 23 is placed on the stage
52 in the subchamber 50 for heating to the second tempera-
ture. Then, the array is moved through the channel 45 into the
main chamber 40 for heating to the first temperature. After
defect detection, the array 23 is moved back to the subcham-
ber 50 and uniformly cooled to the second temperature. After
the temperature of the array reaches the second temperature,
the array is removed from the subchamber 50. The subcham-
ber is a non-vacuum environment, and the array 23 is heated
and cooled by convection, radiation conduction or a combi-
nation there of. Therefore, the heating and cooling times of
the array are reduced, the heating and cooling uniformity of
the array are improved, and the glass substrate of the array 23
is prevented from cracking.

FIG. 4b shows a first modified example of the second
embodiment, wherein detailed structures in the main cham-
ber and the subchamber are not shown to simplify the descrip-
tion. With reference to FIG. 45, the first modified example of
the second embodiment comprises subchambers 50 and 50'
which are connected to the main chamber 40. Before defect
detection, the array 23 is placed in the subchamber 50 for
heating to the second temperature. The array 23 is then moved
to the main chamber 40 to be detected. After defect detection,
the array 23 is moved to the subchamber 50' from the main
chamber 40 to be uniformly cooled to the second temperature.
The first modified example of the second embodiment further
shortens the preheating and cooling time of the array 23.

FIG. 4¢ shows a second modified example of the second
embodiment, wherein detailed structures in the main cham-
ber and the subchamber are not shown to simplify the descrip-
tion. With reference to FIG. 4¢, the second modified example
of the second embodiment comprises three main chambers
40, 40' and 40" connected to the subchamber 50.

Before defect detection, the array 23 is placed in the sub-
chamber 50 for heating to the second temperature. Then, the
array 23 is moved to the main chamber 40, 40' or 40" to be
detected. After defect detection, the array 23 is moved back to
the subchamber 50 from the main chamber 40, 40' or 40" to be
uniformly cooled to the second temperature. The second
modified example of the second embodiment further reduces
the detection time of the array 23.

The apparatus of the invention locates the defect of the TFT
directly after an array process, especially to the defect highly
related to the high temperature. Therefore, the defect can be
removed before a cell process and a backlight module pack-
aging process. The cost for manufacturing a panel is appar-
ently reduced.

While the invention has been described by way of example
and in terms of preferred embodiment, it is to be understood
that the invention is not limited there to. To the contrary, it is
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation to encompass all such
modifications and similar arrangements.

What is claimed is:
1. A detection apparatus for detecting a defect of a TFT
array of a liquid crystal display, comprising:
a main chamber;
a stage disposed in the main chamber for placing the TFT
array thereon;
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adetection device disposed in the main chamber for detect-

ing an electrical characteristic of the TFT array;

a main heater for heating the TFT array to a first tempera-

ture to reveal defects in the TFT array;

a subchamber connected to the main chamber; and

a subheater preheating the TFT array to a second tempera-

ture;

wherein the second temperature is lower than the first

temperature.

2. The detection apparatus as claimed in claim 1, wherein
the detection device is an electron beam detection device,
comprises an electron beam source and a sensor, the electron
beam source emitting an electron beam toward the TFT array,
the sensor detecting a plurality of secondary electrons gener-
ated from the TFT array to detect the electrical characteristics
of'the TFT array.

3. The detection apparatus as claimed in claim 2, wherein
the electron beam source emits the electron beam toward a
transparent electrode of the TFT array.

4. The detection apparatus as claimed in claim 1, wherein
the defect is a weak TFT.

5. The detection apparatus as claimed in claim 1, wherein
the first temperature is between 20 to 150° C.

6. The detection apparatus as claimed in claim 1, wherein
the main heater heats the TFT array by lamp, infrared rays,
cold wall heating or hot wall heating.

7. The detection apparatus as claimed in claim 1, wherein
after the detection device detects the TFT array, the TFT array
is uniformly cooled to the second temperature in the sub-
chamber.

8. The detection apparatus as claimed in claim 1, wherein
the liquid crystal display is an amorphous silicon TFT LCD,
a poly-silicon TFT LCD, an active-matrix organic electrolu-
minescence display or a active-matrix flat panel display.

9. A detection apparatus for detecting a defect of a TFT
array of a liquid crystal display, comprising:

a stage for placing the TFT array thereon;

a detection device for detecting an electrical characteristic

of'the TFT array; and

a heater for heating the TFT array to a first temperature to

reveal the defect of the TFT array;

wherein the heater preheats the TFT array by convection or

conduction to a second temperature lower than the first
temperature before the TFT array being heated to the
first temperature.

10. The detection apparatus as claimed in claim 9, wherein
the detection device is an electron beam detection device,
comprises an electron beam source and a sensor, the electron
beam source emitting an electron beam toward the TFT array,
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the sensor detecting a plurality of secondary electrons gener-
ated from the TFT array to detect the electrical characteristics
of'the TFT array.

11. The detection apparatus as claimed in claim 10,
wherein the electron beam source emits the electron beam
toward a transparent electrode of the TFT array.

12. The detection apparatus as claimed in claim 9, wherein
the defect is TFT weak.

13. The detection apparatus as claimed in claim 9, wherein
the first temperature is between 20 to 150° C.

14. The detection apparatus as claimed in claim 9, wherein
the heater heats the TFT array by lamp, infrared rays or
heating coil.

15. The detection apparatus as claimed in claim 9, wherein
the TFT array is cooled by convection or conduction after the
detection device detects the TFT array, as the temperature of
the TFT array is down to a second temperature lower than the
first temperature.

16. The detection apparatus as claimed in claim 9, wherein
the liquid crystal display is an amorphous silicon TFT LCD,
a poly-silicon TFT LCD, an active-matrix organic electrolu-
minescent display or a active-matrix flat panel display.

17. A detection method for detecting a defect of a TFT
array of a liquid crystal display, comprising:

providing a detection device and a heater;

heating the TFT array to a first temperature by the heater;

detecting an electrical characteristic of the TFT array by

the detection device; and

preheating the TFT array by the heater by convection or

conduction to a second temperature lower than the first
temperature before the TFT array being heated to the
first temperature.

18. The detection method as claimed in claim 17, wherein
the detection device is an electron beam detection device,
comprising an electron beam source and a sensor, the electron
beam source emitting an electron beam toward the TFT array,
the sensor detecting a plurality of secondary electrons gener-
ated from the TFT array to detect the electrical characteristics
of'the TFT array.

19. The detection method as claimed in claim 18, wherein
the electron beam source emits the electron beam toward a
transparent electrode of the TFT array.

20. The detection method as claimed in claim 17, wherein
the defect is TFT weak.

21. The detection method as claimed in claim 17, wherein
the first temperature is between 20 to 150° C.

22. The detection method as claimed in claim 17, wherein
the heater heats the TFT array by lamp, infrared rays, cold
wall heating, hot wall heating or heating coil.
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